The potential hazard of mycotoxins to humans and animals was forcefully revealed during a serious outbreak of "turkey X disease" in England in 1960 (14) . The causative agent was traced to a mixture of complex lactones, the aflatoxins, produced by some strains of Aspergillusflavus growing on peanut meal. Since then, other aspergilli (4, 11) have been found that produce aflatoxins on other grains and foodstuffs. Toxicity of these compounds has been demonstrated for a variety of young animals (R. Alicroft and G. Lewis, Biochem J. 88:58 P, 1963) and for various tissue cultures (9, 12, 13 ; R. H. Smith, Biochem. J. 88:50 P). In addition, aflatoxin has been shown to produce hepatomas in rats (2) , trout (L. M. Ashley et al., Federation Proc. 24:627), ducklings, and turkeys (14) . A modified toxin has been identified in the milk of cows and rats and in the blood of rats fed aflatoxin (3, 6) .
Most reported research concerns production and chemistry of the toxin and its toxic effects on living systems. There are only a few brief reports on detoxifying aflatoxin-contaminated substances. Fischbach and Campbell (8) reported that aflatoxin extracts treated for a few seconds with 5 % NaOCl lost their fluorescence and toxicity, and that contaminated peanut meal exposed overnight to a 10% chlorine gas atmosphere became nontoxic to the chick embryo. L. A. Goldblatt (Abstr. Meeting Am. Chem. Soc., 150th, p. 5a, 1965) mentioned the use of polar solvents, such as aqueous acetone and hexane-acetone-water mixtures, to remove aflatoxin from contaminated peanuts and cottonseed meal while being processed. Goldblatt stated, however, that the use of solvents on whole cottonseed or peanut kernels may not be effective, since aflatoxin has been found deep in the interior of the kernels.
The object of our investigation was to find a microbial system capable of removing aflatoxin from contaminated foods and feeds, and one that would be potentially acceptable under food and drug regulations.
MATERIALS AND METHODS Approximately 1,000 microorganisms representing yeasts, molds, mold spores, actinomycetes, bacteria, and algae were screened for their ability to either destroy or transform aflatoxin B1 and G, (Fig. 1) .
Both resting and growing cells were screened on agar plates and in shake flasks. Plate assay. Since most bacteriological media fluoresced intensely, they were unsuitable for assay use in petri dishes. A modified Czapek-Dox medium having the following composition per liter proved satisfactory: sucrose, 3.0%; NaNO3, 0.3%; K2HPO4, 0.1%; MgSO4, 0.05%; KCl, 0.05%; FeSO4, 0.001%; yeast extract (Difco), 0.005%; agar, 2.0%. Aflatoxin B1 (0.25 mg in 1 ml of CHC1,) was added to the medium, while it was still hot, to drive off the chloroform. About 25 to 30 ml of medium was added to each petri dish and allowed to solidify. After point inoculation, plates were examined at 1-to 2-day intervals for up to 2 weeks under ultraviolet light (UV) for aflatoxin utilization. On initial examination, plates had to be exposed to UV for about 15 min to develop fluorescence. Utilization of toxin was indicated by a zone of nonfluorescence about the colony.
Flask assay. The medium used in shake flask assays for growth of yeast and algae was MY broth (10 A 50-ml amount of each medium plus 0.5 mg of aflatoxin B (put into solution as described above) was added to 300-ml Erlenmeyer flasks.
For resting-cell cultures, growth from flasks without aflatoxin was harvested by centrifugation, washed three times with 0.067 M phosphate buffer (pH 6.7), and resuspended in 50 ml of fresh sterile buffer to which was added 0.5 mg of aflatoxin B, and 0.5% glucose. Flasks, incubated at 200 rev/min on a rotary shaker at 28 C, were sampled periodically.
Mold spores. Cultures were grown on MY agar (10) for 7 to 10 days, after which spores were harvested as described by Vezina et al. (15) . Spores were washed three times with buffer containing a nonionic detergent (1:8,000, Triton x-100, Rohm & Haas Co., Philadelphia, Pa.) and then two times with distilled water. Washed spores were resuspended in 50 ml of buffer containing 0.5 mg of aflatoxin B, and 0.5% glucose. These flasks were incubated as previously de- scribed.
Aflatoxin assay. Samples of a test system were removed and added to 150 ml of chloroform-methanol (70:30); the mixture was sonically treated for about 3 min, and then the chloroform layer was recovered. Sonic treatment was repeated twice with 150-ml portions of chloroform. The chloroform extracts were pooled, dried by filtering through anhydrous Na2SO4, evaporated to dryness in a flash evaporator at 60 C, and redissolved in a given volume of chloroform. Aflatoxin was assayed for by the thin-layer chromatographic (TLC) method of De Iongh and his co-workers (5 This description indicates that the culture belongs in the genus Flavobacterium, but further identification was not possible. The species designation of aurantiacum was retained for purposes of convenience.
Duckling assay. Two sets of 300-ml Erlenmeyer flasks containing 600 ,ug of aflatoxins B, and G, each in 80 ml of 0.067 M phosphate buffer (pH 6.75), to which were added 8.0 X 1012 cells of F. aurantiacum NRRL B-184, were incubated for 12 hr at 28 C at 200 rev/min on a rotary shaker. After incubation, one set of flasks was autoclaved at 121 C for 10 min. All samples were then packed in ice and sent to the Wisconsin Alumni Research Foundation, Madison, Wis., for duckling assays, which were carried out as follows. In all tests, 1-day-old white Peking ducklings were used. Four ducklings were randomly allotted to each test assay and fed the following: (i) aflatoxin B1 and G, each in water, (ii) B1 and GI incubated in water with viable F. aurantiacum cells, (iii) same as (ii) with killed cells, and (iv) viable and killed cells alone. Samples were administered via a stomach tube over a period of 4 days, with the initial dose preceding any In shaken-fiask culture with TGY medium, a large number of Pseudomonas species appeared to degrade aflatoxin. However, the pH in the medium rapidly rose to 8.5 after 24 hr of incubation. A control set of uninoculated flasks with the pH adjusted between 5.5 to 9.5 and incubated under similar conditions showed a sharp loss of toxin at pH 8.5 and above (Table 1 ). In addition, there was a flattening of the absorption peak at 262 m,u (in water) at pH 9. Bartlett and Small (1) have shown that 3-lactones are subject to nucleophilic attack, particularly by OH-ions, resulting in ring opening. It is not known whether complex lactones such as aflatoxin are subject to a similar attack, but, if so, they may then undergo a reaction as an alkylating agent (7) . When the modified TGY medium was used, which maintained a constant pH at 6.5, no degradation of aflatoxin B1 by the various pseudomonads occurred.
None of the yeasts, actinomycetes, or algae examined appeared to degrade aflatoxin.
Molds. Data obtained from the use of molds were difficult to interpret. Occasional degradation or modification of aflatoxin by members of the Aspergillus niger series was observed, but long periods of incubation (up to 11 days) were required; no reaction was noted before 3 days of incubation. In those cultures in which a reaction was observed, the fluorescent spot representing aflatoxin B, on TLC plates did not occur, and a new spot more intensely fluorescent blue appeared with an Rafiatoxin B1 of 0.25. The long incubation period required indicates that this spot may represent a coupling of aflatoxin with a product resulting from mycelial lysis.
Penicillium raistrickii NRRL 2038 gave a partial conversion of aflatoxin B1 to a compound that on TLC had an Rf similar to aflatoxin B2, indicating that a reduction had occurred. The reactions carried out by these molds are being investigated further.
Mold spores. Most of the spores screened ap- Bacteria. Only one of the bacteria tested, F. aurantiacum NRRL B-184, was capable of degrading aflatoxin (Table 2 ). In modified TGY broth (50 ml per 300-ml Erlenmeyer flask) containing various amounts of aflatoxin, most of the toxin utilized was taken up during the first 44 hr, the uptake corresponding to the growth period of this organism. The amount of toxin taken up increased with concentration of toxin but the percentage removed decreased. In addition, there was a marked inhibition of growth proportionate to the concentration of toxin. At high toxin concentrations of 1 and 5 mg per 50 ml of medium, almost all cells showed highly aberrant forms. Resting cells of B-184 incubated in phosphate buffer plus 1 %0/ glucose also removed aflatoxin from solution (Table 3) ; the amount removed increased with increasing toxin concentrations but decreased on a percentage basis. Pregrowth of the cells in the presence of toxin did not increase the amount of toxin removed (Table 3) . Duckling assay. Duckling assays were carried out on aqueous suspensions of F. aurantiacum cells that had been incubated under various conditions with aflatoxins B1 and G1. These tests were designed to determine whether all the aflatoxin was actually removed from solution and whether potential degradation products of the toxin were, in themselves, toxic. In addition, the tests determined whether the cells per se contained toxic substances or released any into the menstruum. Data in Table 6 show that the test solutions of aflatoxin B1 and GC were detoxified by viable cells of B-184, that new potentially toxic degradative products were not formed, and that autoclaving the test system after removal of toxin did not release toxic substances.
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